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Abstract 
A label-free immunosensor was designed and fabricated for sensitive detection of alpha-fetoprotein (AFP) based 
on the localized surface plasmon resonance (LSPR) of gold nanorods (GNRs). GNRs were fabricated through seed-
mediated growth and surface activation by alkanethiols for the attachment of antibodies that could directly capture of 
the target. A novel strategy using the absorbance ratio of transverse and longitudinal LSPR peak of GNRs as a 
function of AFP contraction was performed for AFP quantification. The limit of detection of the sensor is 0.25 nM in 
the PBS, and the dynamic range spans 0.25 nM to 14.3 nM. It is expected that this simple and cost-effective LSPR 
biosensor can also be applicable to the detection of several other tumor markers that are present at low concentrations. 
 
© 2011 Published by Elsevier Ltd. 
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1.Introduction 
AFP is one of the major tumor markers for hepatocellular tumors and more sensitive methods are 
needed for early diagnostics. LSPR biosensors with nanotechnology provide a new approach to address 
this issue. Changes in the dielectric environment of GNRs resulting in measurable shifts of the LSPR 
peak position and/or magnitude could be used to perform label-free chemical or biosensing in real time. 
For GNRs, two distinct plasmon bands, one associated with the transverse (about 520 nm) mode and the 
other with the longitudinal mode (usually more than 600 nm), could be observed. Most of the existing 
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work based on nanorods dispersions in solution utilized wavelength change of the longitudinal plasmon 
peak to evaluate changes in the plasmon spectra caused by target binding. 
 However the performance of this method was limited while using common UV-vis spectroscopy with 
poor resolution and low signal/noise ratio, providing the sensitivity not sufficient for detection of proteins 
at low concentrations [1, 2]. Absorption intensity changes at a fixed wavelength as an indicator of target 
binding events also had an inherent problem: the change in absorption intensity could also occur due to a 
change in particle concentration [3]. In order to improve the sensitivity of the label-free LSPR biosensor 
and minimize the effect of change in particle concentration on absorbance intensity, absorbance ratio of 
transverse and longitudinal LSPR peak of GNRs was demonstrated as sensor response for protein 
quantification in this work. 
2.Experimental 
GNRs were chemically synthesized by seed-mediated literature procedures [4, 5], which was initiated 
by adding small gold particles as seeds (~4 nm) into aqueous solution containing the CTAB capping 
agent, gold ions (present in HAuCl4), reducing agents (in ascorbic acid), and silver ions (in AgNO3). 
GNRs of different sizes were fabricated by adjusting the concentrations of the silver ions in the solution. 
Fig. 1(a) shows a TEM image of GNRs used in this work, which were acquired on a JEM-1200EX 
transmission electron microscopy (Hitachi Corporation, Japan).  
Absorption spectra were collected with a SpectraMax M5 microtiter plate reader with Softmax® Pro 
Software (Molecular Devices Corporation, USA), with the wavelength ranging from 400 nm to 1000 nm. 
200 μL of the sample was added to each well to obtain its absorption spectra. Fig. 2(b) shows absorption 
spectra of GNRs with aspect ratios of 2.2, 3.2, and 4.1, and each spectrum was normalized by rescaling 
the maximum absorbance of the longitudinal plasmon peak to 1. Refractive index studies were performed 
by adding the GNRs into following glycerol and water mixing solutions: the volume percentage of 











 (a)                                                                            (b) 
Fig. 1. (a) TEM micrograph of GNRs; (b) absorption spectra of GNRs with different aspect ratio 
 
Once synthesized, the GNRs can be modified by chemical and biological elements and deployed as 
biosensors. 11-mercaptoundecanoic acid (MUDA) purchased from Sigma-Aldrich was applied to form 
analkanethiol self-assembled monolayer (SAM) on the top and end faces of GNRs in this work [1]. It 
retained CTAB capping at side faces. After activation of carboxyl group using EDC/NHS, AFP 
monoclonal antibody was covalently attached through amide bond (CO-NH) to produce specific sensing 
probes. Resulting GNRs was centrifuged and resuspended in PBS buffer after each step and the whole 
process was monitored with the absorption spectra of GNRs by measuring the wavelength shift of the 
LSPR peak [7]. 
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3.Results and Discussion 
We chose gold nanorods as the plasmonic transducer for their turning peak wavelengths and minimal 
background absorption and scattering in the near infrared band. The GNRs with aspect ratio of 3.2 were 
employed in the following studies as a sharper absorbance peak was observed through Fig. 1(b), which 
led to optimal detection performance.  
We quantified the sensitivity of the GNRs to changes in bulk refractive index. As seen in Fig. 2(a), a 
red shift was observed of both two peak wavelengths. As shown in Fig. 2(b), a linear relationship between 
absorption intensity of transverse and longitudinal LSPR peak and bulk refractive index was found 
without much loss of detection sensitivity. We also studied the GNRs concentration effect on the change 
of absorbance to further illustrate the feasibility of this method. From Fig. 2(c), it can be seen that the 
change of GNRs concentration (approximate 10~20 nM by calculation, used in this work) led to distinct 
change of both longitudinal and transverse absorption intensity, while the change of intensity ratio could 
be hardly ignored comparing with the response value. Thus it was demonstrated as a novel indicator of 
biological binding event in our work. 
 
(a)                                                                  (b)                                                              (c) 
Fig.2 (a) UV-vis absorption spectra of GNRs in liquids of increasing refractive index; (b) dependence of absorbance ratio of the 
transverse and longitudinal LSPR peak on the refractive index of the liquid mixture for the GNRs dispersions; (c) GNRs 
concentration effect on the change of absorption intensity 
 
Biological modification of GNRs was based on the well known affinity between gold and thiol 
compounds. After that concentrated activated GNRs (~20 nM) were resuspended in PBS buffer (0.01M, 
pH7.4) containing 0.005M CTAB. And AFP monoclonal antibody (~300 nM) suspended in PBS buffer 
was then added and incubated. It was observed that, the binding ratio of antibody to activated GNRs was 
high for target detection at the antibody/GNRs ratio of 15:1. Fig. 3(a) shows a significant 15 nm red shift 
of absorption spectrum which demonstrated the successful SAM formation and antibody binding on the 
surface of GNRs. Vigorous washing following was implemented to remove free antibody and reduce 
nonspecific attachment as possible.  
The resulting GNRs were then mixed with varying concentration of AFP target from 0.25 nM to 14.3 
nM. However wavelength shift of the absorption spectra was not large enough under this concentration 
which provides sensitivity not sufficient for AFP detection at low concentration. Fig. 3(b) shows the UV-
vis absorption spectra of samples after gentle string for half an hour (curves 1-6 correspond to the 
increasing target concentration), and the inset is a plot of absorbance ratio change over the AFP 
concentration ranging. As seen, the absorbance ratio of samples increase and our experiment indicates 
that GNRs based LSPR biosensor is capable of measuring AFP concentration even at low 0.25 nM level. 
It was quite advantageous over previous studies that could only direct detected protein at nanomolar level.  
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(a)                                                                                   (b) 
Fig. 3 (a) UV-vis absorption spectra of activated and nonactivated GNRs. (b) normalized UV-vis absorption spectra of GNR-
capture probe conjugates after application of varying concentrations of AFP in PBS 
4.Conclusion 
In this study, a label-free LSPR biosensor has been successfully fabricated for sensitive detection of 
AFP with anisotropic gold nanorods. A novel strategy using the absorbance ratio of transverse and 
longitudinal LSPR peak of GNRs as sensor response was performed. The sensor response to the AFP 
standard samples in PBS buffer was concentration depended, with the range spans 0.25 nM to 14.3 nM, 
with a detection limit of 0.25 nM. It is expected that this simple and cost-effective LSPR biosensor can 
also be applicable to the detection of several other tumor markers that are present at low concentrations. 
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